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Experimental 

Crystal data 

C 2 iH 33 FN 3 0 2 P 
M, = 409 .47 
Monoclinic, C2/c 
a = 22.6634 (8) A 
b = 12.9587 (5) A 
c = 17.6627 (7) A 
/3 = 119.061 (1)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2008) 
T min = 0.658, r m ., v = 0.746 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.157 
S = 1.02 
4228 reflections 
257 parameters 
1 restraint 



0.049 



V = 4534.3 (3) A 3 
Z = 8 

Mo Ka radiation 
/x = 0.15 mm~' 
T = 296 K 

0.32 x 0.28 x 0.16 mm 



20958 measured reflections 
4228 independent reflections 
3254 reflections with I > 2a(I) 
R iM = 0.031 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.93 e A~ 3 

Ap mi „ = -0.29 e A~ 3 



In the title compound, C21H33FN3O2P, the P atom has a 
distorted tetrahedral environment and the N atoms display 
geometries consistent with a model of sp 2 hybridization (with 
bond-angle sums for the tertiary N atoms of 357.8 and 358.7°). 
The phosphoryl and carbonyl groups are anti with respect to 
each other. In the crystal, inversion dimers linked by pairs of 
N— H- ■ O hydrogen bonds generate i?|(8) loops. 

Related literature 

For the coordination properties of carbacylamidophosphates, 
see: Pourayoubi et al. (20116); Gholivand et al. (2010); 
Znovjyak et al. (2009); Trush et al. (2005); Gubina et al. (2002). 
For related structures, see: Pourayoubi et al. (2011a); Pour- 
ayoubi & Saneei (2011). For the syn orientation of the P(=0) 
group and NH unit in the C(0)NHP(0) skeleton for most 
known carbacylamidophosphates, see: Toghraee et al. (2011). 
For a procedure to synthesise the starting phosphorus- 
chlorine compound, see: Pourayoubi et al. (2011c). For graph- 
set notation of hydrogen bonds, see: Bernstein et al. (1995). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-U-A 


D-U 


U-A 


D-A 


D-U-A 


Nl-Hl-Ol' 


0.78 (2) 


2.04 (2) 


2.807 (2) 


165 (2) 


Symmetry code: (ij — i 


■ + h -y+l 


—z. 







Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: OLEX 
(Dolomanov et al, 2003); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008) and enCIFer (Allen et al., 
2004). 

Support of this investigation by Ferdowsi University of 
Mashhad is gratefully acknowledged. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: QM2034). 
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A r ^V-Dicyclohexyl-A'"-(3-fluorobenzoyl)-A^^V-dimethylphosphoric triamide 
M. Pourayoubi, S. Shoghpour, G. Bruno and H. Amiri Rudbari 

Comment 

It is now well recognized that carbacylamidophosphates offer very good candidates for coordination chemistry purposes, 
since they bear a C(0)NHP(0) bifunctional group which is the phosphaza- analogue of P-diketones. In this context, a variety 
of coordination compounds with both transition and non-transition metal cations have been reported (Pourayoubi et at, 
20116; Gholivand et al., 2010; Znovjyak et al, 2009; Trush et al, 2005; Gubina et al, 2002). Therefore, the synthesis and 
crystal structure investigations of carbacylamidophosphates have been of particular interest in our research team (Pourayoubi 
etal, 2011a; Pourayoubi & Saneei, 2011). In this work, the synthesis and crystal structure of anew carbacylamidophosphate, 
P(0)[NHC(0)C 6 H4(3-F)][N(CH3)(C 6 H 11 )]2, is reported. The molecular structure (ORTEP view) of the title compound is 
shown in Fig. 1 . The phosphoryl group and the NH unit are located in a syn position with respect to each other similar to 
most of the carbacylamidophosphates (Toghraee et al., 2011). The P atom has a distorted tetrahedral configuration with 
the bond angles around the P atom in the range of 105.9 (1)— 1 16.4 (1)°. The P=0, C=0 and P — N bond lengths and the 
P — N — C bond angles are in the range of the expected values. The sum of the surrounding angles around the tertiary N atoms 

confirms their sp hybridization. In the crystal structure, two neighboring molecules are hydrogen-bonded to each other 
by two equal intermolecular P=0-H — N hydrogen bonds (01---N1 = 2.807 (2) A) (Table 1) to form a centrosymmetric 

dimer as an _/? 2 (8) ring. 
Experimental 

Synthesis of 3-F-C 6 H 4 C(0)NHP(0)Cl 2 3-F-C 6 H 4 C(0)NHP(0)Cl 2 was prepared according to the procedure which was 
previously used for preparation of 2-F-C 6 H 4 C(0)NHP(0)Cl 2 (Pourayoubi et al, 2011c) by using 3-F-C 6 H 4 C(0)NH 2 in- 
stead of 2-F-C 6 H 4 C(0)NH 2 . Synthesis of the title molecule To a solution of 3-F-C 6 H 4 C(0)NHP(0)Cl 2 (0.512 g, 2 mmol) 
in CHCI3 (20 ml), a solution of A'-methylcyclohexylamine (0.906 g, 8 mmol) in CHCI3 (5 ml) was added dropwise at 273 
K. After 4 h stirring, the solvent was evaporated in vacuo and then the resulting solid was washed with water. Single crystals 
of title compound were obtained from a solution of CH3OH and CHCI3 (2:1) after slow evaporation at room temperature. 

IR (KBr, cm" 1 ): 3068 (NH), 2930, 2855, 1685 (C=0), 1589, 1491, 1448, 1393, 1287, 1272, 1181, 1161, 1005, 982, 886, 
860, 749, 682. 

Refinement 

Several H atoms were located on the final AF map, the H atoms were included in the refinement using the riding model' 
method with the X — H bond geometry and the H isotropic displacement parameter depending on the parent atom X. 
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Figures 




Fig. 1. An ORTEP-style plot of title compound with labeling. Ellipsoids are given at the 50% 
probability level. 



iV,iV'-Dicyclohexyl-iV"-(3-fluorobenzoyl)- iV,iV'-dimethylphosphoric triamide 



Crystal data 
C 21 H33FN 3 0 2 P 
M,- = 409.47 
Monoclinic, C2/c 
Hall symbol: -C 2yc 
a = 22.6634 (8) A 
b = 12.9587 (5) A 
c= 17.6627 (7) A 
(3= 119.061 (1)° 

V= 4534.3 (3) A 3 

Z=8 



F(000) = 1760 

D x = 1.200 MgrrT 3 

Mo radiation, X = 0.71073 A 

Cell parameters from 8133 reflections 

6 = 2.4-27.0° 

H = 0.15 mm 1 
7=296K 
Cubic, colourless 
0.32 x 0.28 x 0.16 mm 



Data collection 



Bruker APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2008) 
r min = 0.658, J max = 0.746 
20958 measured reflections 



4228 independent reflections 

3254 reflections with / > 2o(i) 
R int = 0.031 

A — CO A = 9 (ZO 

h = -27->27 

/t = -15^15 
/ = -21^21 



Refinement 



Refinement on F 
Least-squares matrix: full 

R[F 2 > 20CF 2 )] = 0.049 
wR(F 2 ) = 0.157 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 
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S= 1.02 

4228 reflections 
257 parameters 
1 restraint 



w = l/[a 2 CF 0 2 ) + (0.0936P) 2 + 3.0653P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.93eA" 3 

Ap min = -0.29eA" 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

2 2 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


7 7- * / TV 

^iso ' ^eq 


PI 


0.19691 (2) 


r\ o "7/" or (A \ 

0.87686 (4) 


0.02588 (3) 


0.03552 (19) 


02 


0.30019 (9) 


0.98806 (14) 


0.18782 (12) 


0.0637 (5) 


Fl 


0.46037 (14) 


0.6077 (2) 


0.31270 (17) 


0.1416(10) 


Ol 


0.16844 (7) 


0.78142 (11) 


-0.02507 (9) 


0.0426 (4) 


Nl 


0.27588 (8) 


0.84697 (15) 


0.10211 (11) 


0.0370 (4) 


CI 


0.31644 (10) 


0.90341 (18) 


0.17448 (13) 


0.0417 (5) 


C3 


0.15054 (14) 


1.02308 (19) 


0.0955 (2) 


0.0618(7) 


H3A 


0.1710 


1.0669 


0.0709 


0.093* 


H3B 


0.1751 


1.0282 


0.1575 


0.093* 


H3C 


0.1047 


1.0443 


0.0749 


0.093* 


N2 


0.20318 (9) 


0.97566 (15) 


-0.02662 (12) 


0.0479 (5) 


C19 


0.0611 (3) 


0.7585 (4) 


0.2030 (4) 


0.135 (2) 


H19A 


0.0582 


0.8200 


0.2323 


0.162* 


H19B 


0.0428 


0.7012 


0.2204 


0.162* 


C20 


0.0200 (2) 


0.7734 (4) 


0.1057 (4) 


0.1268 (18) 


H20A 


-0.0261 


0.7903 


0.0905 


0.152* 


H20B 


0.0193 


0.7094 


0.0769 


0.152* 


C21 


0.04874 (15) 


0.8595 (3) 


0.0735 (2) 


0.0828 (10) 


H21A 


0.0231 


0.8637 


0.0108 


0.099* 


H21B 


0.0450 


0.9252 


0.0971 


0.099* 


C16 


0.12210(11) 


0.83718 (19) 


0.10158(15) 


0.0477 (5) 


H16 


0.1235 


0.7713 


0.0752 


0.057* 


N3 


0.15171 (9) 


0.91587 (14) 


0.06955 (12) 


0.0429 (4) 


C4 


0.38187 (11) 


0.8550 (2) 


0.23687 (13) 


0.0458 (6) 


C5 


0.39071 (12) 


0.7492 (2) 


0.24479 (15) 


0.0563 (6) 


H5 


0.3560 


0.7044 


0.2099 


0.068* 


C6 


0.45265 (15) 


0.7122 (3) 


0.30609 (18) 


0.0740 (9) 



sup-3 



supplementary materials 



f^l 

c/ 


U. 5U5 5o (14) 


A 11 A 1 ( A\ 

U. / /43 (4) 


A 1 Z1C~) fl 1\ 

U.3 5 /oZ (1 /) 


A no<:c /i t\ 
U.Uodj (1Z) 


hi/ 


AC/1 *7A 
U.54 /U 


A 1 A £C 

U. /4oo 


A 1 A*7C 

u.3y /5 


A 1 A/1 * 

U.1U4* 


C18 


U.133U (3) 


U. /3 /3 (3) 


u.zzyi (3) 


A 1 1 AA C\ C\ 

u.nuy (15) 


T-J1 O A 
1 1 1 O A 


n 1 i^o 
U. 13oZ 


U.u /Z3 


n on/i 1 


n 1 ii* 
U.133 


hll8r> 


A I COO 

U. 1 355 


A "71 1 1 
0. /31 1 


A OAl *7 

u.zyi / 


A 111* 

U.133^ 


i 7 
CI / 


U. loZu4 (1 1) 


A 1 /Q\ 

U.8Z31 (3) 


A 1 AA 1 fi. ( 1 o\ 

u.iyyio (io) 


A (\11 A (C\\ 

u.u / /4 (y) 


hll /A 


U.loZo 


A O 0*7 1 

U.88/1 


O.ZZ/ / 


A AA1 * 

u.uy3^ 


i i i -7 r> 

hll /B 


A TAAA 

u.zuyu 


U.8Uo4 


U.Z1M 


A AA1 * 

u.uy3* 


C1U 


U.Zoo / / (,1 1J 


l.UUyoo (18) 


a Alien /i c\ 

- u.uzzjy (i->) 


U.U4oZ (5 ) 


hllU 


A 1 A1 C 

U.3U35 


A A*70 1 

u.y /81 


A AOA1 

u.uzy3 


U.U55* 


C15 


0.27532 (14) 


A A*7/1 1 /"1"\ 

0.9741 (2) 


A AAO CO / 1 /Z\ 

-0.09852 (16) 


A ACAA (1\ 

U.U599 (7) 


I I 1 C A 

ril j A 


U.Z /Zo 


a coo/i 

u.oyy4 


a 1 nn 
— U.1UZZ 


A A*7T* 
U.U /Z^ 


I I i C o 

hll 3d 


U.Z3yU 


1 AA 1 A 

i.uuiy 


— U.l 518 


A A"71 * 
U.U 11* 


C14 


U.34Z58 (1 1) 


1 AAOA /1\ 

i.uuoy (3) 


A AOO C 

-U.U885 (Z) 


A C\11 & (C\\ 

u.u / /o (y) 


TT1 /I A 

rl IhA 


C\ 1/1 ^/l 
U.3434 


a Qooa 

u.yoy3 


n 1 107 
U.13y / 


A AQ1* 

u.uy3 


I I 1 ,1 T) 

hll4r> 


A 1*70 O 
U.3 /55 


A CM A 1 

u.y /43 


A A1 A 1 

— u.u3y i 


A AA1 * 

u.uy3^ 


CI 3 


A TCI /CI / 1 A\ 

U.351o3 {[y) 


LA 24/ (3) 


-u.u /5y (Z) 


A A O O 1 / 1 A\ 

U.U881 (1U) 


ITI 1 A 

ril3A 


a in/; 1 


1 1 /II A 

1. 143y 


A A££/1 


A 1 A£* 

U.lUo^ 


hll3r> 


A 1 1 Ol 

U.3183 


1 1 cnc 
1.15^5 


A 1 T7*7 
— 0.1Z/ / 


A 1 A£ * 

U.lUo^ 


C1Z 


U. 34381 (iy) 


1 1 COO f1\ 

1. 158Z (3) 


A AAA O 

U.UUU8 (3) 


A AO AO ( 1 A\ 
U.UoyO (1U) 


1 1 I _ A 


A 1/1 OA 

U.348U 


1 

1 .Z3ZO 


U.UUoo 


U.lUo 


I I 1 "> T~) 

hllZB 


A T7A£ 

U.3 /VD 


1 1 T70 

1.1Z/8 


A ACQ 1 

U.U53Z 


A 1 AO * 

U.1U8* 


r~y 1 1 

CI 1 


A T7CQ"> / 1 -T\ 
U.Z/58Z (1 /) 


1.1 Z5o (Z) 


A AAA O 
-U.UUy8 (Z) 


a nm /o\ 
U.U 115 (8) 


TT 1 1 A 

hll 1A 


a non 

u.z/zy 


1 1 AC A 

1. 14M 


A A/1 1 T 
U.U41Z 


A AO*7* 
U.U8 


TT1 ID 

rll 1£5 


A 0/1AA 

U.Z4UU 


1 1 £fl£ 
1. loUo 


A nCQ/l 

U.Ujy4 


A A07* 

U.U8 / 


CZ 


A 1 1 A*7 1 /1 1\ 

U.13V /I (13) 


1 A 1 1 O /">\ 

1.U138 (Z) 


A AAA1 1 / 1 A\ 

-u.uyy3i (iy) 


a A/cm /o\ 
U.UoyZ (8) 


I J") a 

rlZA 


A 1 ATT 

U. 1UZZ 


a no/C/i 
U.y8o4 


A AO/1 Q 


A 1 A/1 * 

U.1U4 


hlZB 


A 1 1 CI 

U. 13o / 


A AA 1 ") 1 

u.yyzi 


A 1 CIA 

— U.153U 


A 1 A/1 * 

U.1U4* 


H2C 


0.1389 


1.0878 


-0.0975 


A 1 A /I sk 

U.1U4* 


C9 


0.43442 (12) 


0.9204 (3) 


0.28957 (16) 


0.0652 (7) 


H9 


0.4284 


0.9915 


0.2851 


0.078* 


C8 


0.49597 (15) 


0.8784 (4) 


0.34893 (19) 


0.0887(12) 


H8 


0.5315 


0.9221 


0.3836 


0.106* 


HI 


0.2925 (11) 


0.8035 (17) 


0.0877 (14) 


0.038 (6)* 



Atomic displacement parameters (A 2 ) 
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a acq/: f 1 T\ 
U.U3oO (,1 /J 


A 1 A/C /7~\ 

U. lUo yZ) 


A AC 1 o n c\ 

U.Uj 15 (1 D) 


A AIAI (\ ~}\ 

U.U303 \Y 1) 


AA77C/1/1A A A771 (\ f.\ 

U.UZZ3 (14J U.UZ / I (,10J 


C/ 


U.U304 (13) 


A 1 71 {A\ 


A A17C /I A\ 

U.U3 / 3 (14J 


A A7/1 f. ( \ Q\ 

U.UZ40 yVy) 


A AA7Q /I 7\ A A1 17 /^l Q\ 

u.uu/y (izj u.uij/ (,ivj 


1 o 

Clo 


A 1 /CO /c\ 
U.lOo (3 J 


A 1 A1 /1\ 

U. 1U3 (3 ) 


A AQ/C. /1\ 


A A7 1 /i\ 

U.UZ1 yj ) 


a aaa (x\ (\ (\c\si fy\ 
u.uyu^jj U.UUo yZ) 


i 7 


a aqa /")\ 
U.UoU (Z ) 


A AA/C f7\ 

U.Uyo yZ) 


A AC/C 1 /I 7\ 

U.U 301 (,1 /J 


A A1 A C (\ ~J \ 

U.U143 yl / ) 


A A177 (\ f\ A AA/17 n &\ 

U.UjZ/ ^lOJ U.UU4/ yi-V) 


C1U 


a A/i aq 7\ 
U.U4U6 (,lzj 


A ACC/1 /I /I \ 

U.U3 34 (14) 


A A/1 1/1 /I 7\ 

U.U414 ^IZJ 


A AA7/: /I A~\ 

U.UUZO (1UJ 


a ai Q7 /i r\\ a An/in ^1 
u.uiyz y\-\j) U.UU4U (iuj 


CO 


U.UO / I (1 /J 


A A/C/C 1 i"\ H\ 

U.U001 (1 / ) 


A ACAO / 1 A\ 

U.U3Uo (14J 


A AAA/C (\ X\ 

U.UUUO y\-j) 


a ni7i ^ii\ n nnn^ n')^ 
U.UoZl y\-j) U.UUU3 ylZ) 


1 A 

C14 


U.Uol yZ) 


A 1 A/1 /7\ 

U. 1U4 yZ ) 


U.UOVO yi-7) 


A AAA O (\ 0\ 

u.uuuo yvo) 


AAC17/10\ A AA 1 A /I H\ 

U.U33Z ylo) U.UU 14 yl / ) 


C13 


0.081 (2) 


0.109 (3) 


0.092 (2) 


-0.0239 (19) 


0.055 (2) 0.0053 (19) 


C12 


0.087 (2) 


0.085 (2) 


0.116(3) 


-0.0347 (19) 


0.064(2) -0.021 (2) 


Cll 


0.077 (2) 


0.0608 (17) 


0.095 (2) 


-0.0165 (14) 


0.0536 (18) -0.0173 (15) 


C2 


0.0450 (14) 


0.0756 (19) 


0.0676 (17) 


0.0094(13) 


0.0120(13) 0.0298 (14) 


C9 


0.0389 (13) 


0.104 (2) 


0.0453 (14) 


-0.0153 (13) 


0.0144(11) -0.0201 (14) 


C8 


0.0348 (14) 


0.173 (4) 


0.0450 (16) 


-0.0165 (19) 


0.0090 (12) -0.020(2) 


Geometric parameters (A, °) 










PI— Ol 




1.481)3 (ID) 


C6— C7 


1 lO { z\ 

l.ibZ (D) 


PI— N2 




1.02/1 (IV) 


C7- 


-C8 


1.362 {j) 


PI— N3 




1 £111 1 1 "7\ 

1.0333 (1 /) 


C7- 


-H7 


A A1AA 

u.y3uu 


PI— Nl 




1 /; oao / 1 "7\ 
1.06U6 (1 /) 


C18- 


-C17 


1 CT1 iA\ 

l. ill (4) 


02— CI 




1.Z10 \i ) 


C18- 


-H18A 


A Q7AA 

u.y /uu 


Fl— C6 




1 1£1 1 A\ 

1.303 (4) 


C18- 


-H18B 


A A"7AA 

u.y /UU 


Nl— CI 




1.305 (3) 


C17- 


-H17A 


A A"7AA 

u.y /UU 


Nl— HI 




A TO f"r\ 

0. /a (2) 


C17- 


-H17B 


A A"7AA 

u.y /UU 


CI— C4 




1 /1AA 
1.4yi) (3) 


C10— Cll 


1.515 (3) 


C3— N3 




1 A£~n fi \ 
1.40/ (3) 


C10- 


-C15 


1 C 1 O 11 \ 

1.516 (i) 


C3— H3A 




a a/;aa 
U.VOUU 


C10- 


-H10 


A A OA A 

u.ysuu 


C3— H3B 




a a/:aa 

u.youu 


C15- 


-C14 


1.515 (4) 


C3— H3C 




a a/;aa 

u.youu 


C15- 


-H15A 


A A"7AA 

u.y /uu 


N2— C2 




1.4 11 (i) 


C15- 


-H15B 


A A"7AA 

u.y /uu 


N2— CIO 




1 /ITi f1\ 

1.4 /O (3) 


C14- 


-C13 


1.510 (4) 


C19— C18 




1.46/ (0) 


C14— H14A 


A A"7AA 

u.y /uu 


CI 9— C20 




1.518 (/) 


C14- 


-H14B 


A A"7AA 

u.y /uu 


C19— H19A 




u.y /uu 


C13- 


-C12 


1 C 1 1 I z\ 

1.513 (5) 


C19— H19B 




0.9700 


C13- 


-H13A 


A A"7AA 

u.y7uu 


C20— C21 




1.S33 (5) 


C13- 


-H13B 


A A"7AA 

u.y /UU 


C20— H20A 




A 0"7AA 

u.y /uu 


C12- 


-Cll 


1 C 1 CI SA\ 

1.5 19 (4) 


C20— H20B 




A A"7AA 

u.y /uu 


C12- 


-H12A 


A A"7AA 

u.y /UU 


C21— C16 




1.514 (4) 


C12- 


-H12B 


0.9700 


C21— H21A 




0.9700 


Cll- 


-Hll A 


0.9700 


C21— H21B 




0.9700 


Cll- 


-HUB 


0.9700 


CI 6— N3 




1.476 (3) 


C2- 


-H2A 


0.9600 


C16— C17 




1.520 (4) 


C2- 


-H2B 


0.9600 


C16— H16 




0.9800 


C2- 


-H2C 


0.9600 
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C4 — C5 


1.383 (4) 


C9 — C8 


1.386 (4) 


C4 — C9 


1.388 (3) 


C9 — H9 


0.9300 


C5 — C6 


1 377 (3) 


C8 — H8 


0.9300 


C5 — H5 


0.9300 






P.1 Til Ml 

Ul — r 1 — JN2 


i i /: i c n\ 
110.35 (10) 


pin pio pn 

ciy — cio — ci / 


111 1 1 A \ 

111.1 (4) 


P.1 T>1 \T1 

Ul — r 1 — JN3 


1 1 n nc /n\ 

no.ys (y) 


pin pio mo a 
Ciy — Clo — HloA 


1 nn a 

ioy.4 


Ml T)1 \n 

JN2 — rl — JN 3 


in? nn { i n\ 

los.yo (io) 


PIT PIO mo A 

C 1 / — C 1 6 — H 1 6 A 


1 nn a 

ioy.4 


p. 1 ti 1 mi 
Ul — r 1 — JN 1 


1 nc m /n\ 
105.y3 (y) 


pin PIO TTl on 

C 1 y — C 1 6 — H 1 oB 


1 nn a 

ioy.4 


Ml T)1 Ml 

JN2 — r 1 — JN 1 


1 n/; cn /n\ 
100.50 (y) 


pn pio ul on 

C 1 / — C 1 6 — H 1 oB 


1 nn a 

ioy.4 


Ml T) 1 M 1 

JN3 — r 1 — JN 1 


111 n /n\ 

111.1 / (y) 


Tjl O A PIO U 1 OTJ 

H 1 oA — C 1 6 — H 1 oB 


1 no n 
106.0 


p 1 mi m 
CI — JN 1 — r 1 


n/ co / 1 /:\ 
120.36 (16) 


pu pn pio 
Clo — CI / — Clo 


1 1 n n ll\ 
HO.y (3) 


P 1 M 1 Ul 

CI — JN 1 — HI 


1 1 o A /1 n\ 
116.4 (1 /) 


pu pn ui t a 
C 1 0 — C 1 / — H 1 / A 


1 nn c 

ioy.5 


T»1 M1 XJ1 

r 1 — JN 1 — HI 


1 1 1 A /] /T\ 

113.4 (16) 


pio pn T_rnA 
C 1 6 — C 1 / — H 1 / A 


1 nn c 

ioy.5 


p.1 p 1 mi 
U2 — CI — JN 1 


122.3 (2) 


pi£ PIT TJ17D 

Clo — CI / — HI ID 


1 nn c 

ioy.5 


p.1 p 1 p/i 
U2 — CI — C4 


iii c n\ 
121.5 (2) 


PIO P 1 "7 TJ17D 

Clo — CI / — HI /B 


1 nn c 

ioy.5 


mi pi p/i 
JN 1 — CI — C4 


ii/; io /i n\ 
110.16 (iy) 


T_T1"7A pn TJ1 TD 

HI /A — CI / — HI ID 


1 no n 
106.0 


Ml PI Ul A 

JN3 — C3 — H3A 


1 nn c 

loy.s 


mi p 1 n p 1 1 
JN2 — C10 — CI 1 


1111 
1 1 1.3 (2) 


mi pi mo 
JN3 — C3 — H3B 


1 nn c 

luy.j 


MO P 1 n PK 

JN2 — C1U — CI J 


1 1 A A /">\ 

114. U (2) 


tjt a pi mn 
H3A — CI — Hits 


1 nn c 

luy.s 


P11 pin pi c 
Cll — C1U — CO 


111/; n\ 
111.0 (2) 


Ml PI nir 

JN3 — C3 — H3C 


1 nn c 

luy.s 


mi p 1 n t_t 1 n 
JN2 — C1U — H1U 


1 n/; c 
IUO.5 


m a pi nir 
H3A — CI — H3C 


1 nn c 

luy.s 


P11 pin T_rin 
Cll — C1U — H1U 


1 n/; c 
IUO.3 


r n D pi nir 

Hits — C3 — H3C 


1 nn c 

iuy.5 


pk pm T_rin 
CIS — C1U — H1U 


1 n/; c 
IUO.5 


pi mi nn 
C2 — JN 2 — C 1 0 


I 1 "7 i n /1 n\ 

II /.3U (iy) 


pi a pk pm 
C14 — CIS — C1U 


1 1 1 n i r >\ 
lll.U (2) 


pi mo n i 
Cz — JNz — r 1 


1 i /: i/r /1 /r\ 

llo.2o (16) 


pi A pK TJK A 

C14 — CI J — HI 5 A 


1 nn a 

iuy.4 


pin MO T> 1 

CIO — JNz — r 1 


ni n / 1 c\ 
124.22 (15) 


pin pk Tjl ? A 

C1U — CI J — HOA 


1 nn a 

iuy.4 


n n pin p^n 
C 1 a — C 1 y — C20 


1 1 n /c 
11U.0 (3) 


pi A PK UKD 

C14 CO — HOB 


1 nn a 

iuy.4 


CI 5 — CIV — H1VA 


1 nn c 

iuy.5 


pin PK Ul CD 

C1U — CO — HOB 


1 nn a 

iuy.4 


pin pin uinA 

Czu — c i y — h i y a 


1 nn c 

iuy.5 


UK A pi f Tjl rn 

H 1 5 A — C 1 J — H OB 


1 no n 
1U6.U 


pi o pin uinD 

c i s — c i y — h i y b 


1 nn c 

iuy.5 


PK PI A pn 

CO — C14 — C13 


111 /; \ 
111.0 (3) 


pin pin uinD 

Czu — c i y — h i y b 


1 nn c 

iuy.5 


PK P1A ul A A 

CO — C14 — H14A 


1 nn i 

iuy.3 


uinA pin uinr> 

h i y a — c i y — h i y b 


1 no 1 
1U6.1 


PIT pi A U1A A 

C13 — C14 — H14A 


1 nn i 

iuy.3 


pin nn pii 
C 1 y — CzU — Cz 1 


i n n n\ 
112.U (3) 


PK PI A U1AD 

CO — C14 — H14B 


1 nn i 

iuy.3 


pi n nn mn a 
C 1 y — CzU — HzU A 


1 nn i 

iuy.2 


pil pi A U 1 /ID 

C13 — C14 — H14B 


1 nn i 

iuy.3 


n 1 nn mn a 
Cz 1 — CzU — HzU A 


1 nn 1 

iuy.2 


Ul A A P| A U 1 AT} 

H 1 4 A — C 1 4 H 1 4B 


1 no n 
1U6.U 


P1 n Pin mnr> 
C 1 y — CzU — H20B 


1 nn 1 

iuy.2 


pn pit pi a 
C12 — C13 — C14 


1 1 n a ii\ 
11U.4 (3) 


pi 1 nn uinu> 
Cz 1 — CzU — H20B 


1 nn 1 

iuy.2 


pn pn un a 
C12 — C13 — H13A 


1 nn /; 

luy.o 


uin a nn rnnD 
HzUA — CzU — H20B 


107.9 


P1/1 pn un a 
C14 — C13 — H13A 


109.6 


pu pti pin 
C 1 0 — Cz 1 — CzU 


1 nn "7 /t\ 

109.7 (3) 


pn pn ttitd 
C12 — C13 — HOB 


1 nn /; 

109.6 


pit pti mi a 
CI 6 — Czl — HzlA 


1 nn "7 

ioy. / 


pi/1 pn unr> 
C14 — CO — HOB 


1 nn /; 

ioy.6 


pin pTi mi a 
CzU — Cz 1 — Hz 1 A 


1 nn "7 

ioy. / 


un a pn unr> 
H 1 3 A — C 1 3 — H 1 3B 


1 no 1 
106.1 


pu pti unr> 
Clo — Czl — Hz IB 


1 nn "7 

ioy. / 


pn pn P11 
CO — C12 — Cll 


111 i /i\ 
111.3 (3) 


pin pii m i r> 
CzU — Cz 1 — Hz 1 B 


1 nn "7 

ioy. / 


pn pn u 1 1 a 
CO — C12 — H12A 


1 nn a 

ioy.4 


mi a pii ui 1 r> 
HzlA — Czl — Hz IB 


1 no t 
106.2 


pii pn unA 
Cll — C12 — H12A 


1 nn a 

ioy.4 


N3— CI 6— C21 


112.0 (2) 


C13— C12— H12B 


109.4 


N3— CI 6— CI 7 


112.4(2) 


Cll— C12— H12B 


109.4 


C21— C16— C17 


110.9(2) 


H12A— CI 2— H12B 


108.0 


N3— CI 6— HI 6 


107.1 


CIO— Cll— C12 


110.4 (3) 


C21— C16— H16 


107.1 


CIO— Cll— H11A 


109.6 


C17— C16— H16 


107.1 


C12— Cll— H11A 


109.6 
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f^l Ml P 1 /C 

C3 — JN 3 — C 1 o 


I 1 "7 A 1 i 1 0\ 

II /.Ul (16) 


pi A pi 1 III IT) 


luy.o 


C3 — JN3 — rl 


123.44 (lo) 


pn pi i iii i d 


luy.o 


pi/: XTQ n 1 

C 1 o — JN 3 — Y 1 


110 O C /1 C\ 

116.25 (15) 


TJ1 1 A PI 1 I I i i o 

hll 1A — CI 1 — rll IB 


1 no 1 


pc p /i pn 

cj — C4 — cy 


1 on o /o\ 
12U.2 (2) 


\n n tji a 
JNZ — CZ — hlZA 


iuy.3 


PC ni 

C5 — C4 — C 1 


1 OO /I /o\ 
122.4 (2) 


JNZ — CZ — hlZB 


iuy.!> 


PO r^A Z" 1 1 

Cy — C4 — C 1 


1 1 O /I ZO\ 

11 I A (2) 


TUT A p ") [Jin 

hlZA — CZ — H2d 


iuy.D 


p/" nr /-i/i 

Co — C5 — C4 


1 1 1 o n\ 
11 /.6 (3) 


XTO P~> TTTP 

JNZ — CZ — hlZC 


iuy.!> 


/ •/ pr it c 

CO Cj rlj 


10 1 1 

lzl.1 


rn a po mp 
rlZA — CZ — rlZC 


1 no ^ 


P/1 nr lie 

C4 — Cj — hlD 


1 O 1 1 

121.1 


inn ( '~> tjtp 
hlZB — CZ — hlZC 


iuy.!> 


CI Cf\ F1 


1 1 Q 7 Cl\ 
liy. / (3) 


re CQ Cd 

V O V / V^H- 


1 1 Q 1 (X\ 


C7 — C6 — C5 


123.4 (3) 


C8 — C9 — H9 


120.4 


Fl — C6 — C5 


116.9 (3) 


C4 — C9 — H9 


120.4 


C6 — C7 — C8 


118.0 (3) 


Cj — C8 — C9 


121.4 (3) 


C6 — C7 — H7 


121.0 


C7 — C8 — H8 


119.3 


C8 — C7 — H7 


121.0 


C9 — C8 — ^H8 


119.3 


c\ 1 x) i \n p 1 
Ul — Fl — JN 1 — CI 


1 £^ a ^ ✓ 1 e\ 
— 1oj.4o (lo) 


mi n r^A ro 
JN 1 — CI — C4 — cy 


1j4.3 {I) 


MO n 1 M 1 P 1 

JN2 — Fl — JN 1 — CI 


^7A 1 /">\ 
/(J. 1 (Z) 


pn t~*A fc r^/i 
C9 — C4 — C5 — Co 


0.1 (3) 


\n rji \T i p 1 

JN3 — Fl — JN 1 — CI 


-44.0 (Z) 


pi pyi pc p/; 
CI — C4 — C5 — Co 


-1 l>S. 1 \l) 


T>1 Ml P 1 P.O 

Fl — JN 1 — CI — U2 


-5.7 (3) 


p/i pc p/; p~7 
C4 C5 — Co — C / 


1 A ( A\ 

-1.4 (4) 


T>1 mi p 1 p,i 

Fl — JN 1 — CI — C4 


l /3.y 1 (1 D) 


P/1 PC P(C T71 

C4 — C5 — Co — r 1 


—\ /y.o (Z) 


p.1 t>i \n po 

Ul — Fl — JN2 — C2 


£A 1 /">\ 

oU.3 (Z) 


IT 1 p/; P"7 PO 

r 1 — Co — C / — Co 


1 /y.o (3) 


\n hi MO PO 

JN 3 — F 1 — JN 2 — C2 


-o3.!> (Z) 


pc p/; p"7 po 
C5 — Co — C / — C6 


1.4 (5) 


Ml T>1 MO PO 

JN 1 — Fl — JN2 — C2 


1 *70 r\£ ( 1 a\ 
1 /O.Uo (iy) 


pon pin pio pn 
C2U — C 1 9 — C 1 6 — C 1 / 


JO. J {J) 


P.1 T>1 MO nfi 

Ul — Fl — JN2 — CIO 


— lUZ.Zo (iy) 


mi pu pn pio 
JN 3 — C 1 0 — C 1 / — C 1 6 


—\ ib. I (3) 


MO T>1 MO rifl 

JN3 — Fl — JN2 — CIO 


in c\a n o\ 
133. y4 (lo) 


POI P1/C PIO PIO 

C21 — Clo — CI / — Cl6 


57.1 (4) 


M 1 T> 1 MO nin 

JN 1 — Fl — JN2 — CIO 


15.5 (2) 


pin pio pn pu 
C19 — CIS — CI / — Clo 


—j I A (4) 


n n nn ni 
C 1 0 — C 1 9 — C2U — C2 1 


— 5o.3 (5) 


po mo p 1 n p 1 1 
C2 — JN 2 — C 1 0 — C 1 1 


o3.y (3) 


pin Pon n 1 pi<r 

CI 9 — C2U — C21 — Clo 


55.5 (4) 


T>1 MO Pin P11 

Fl — JN2 — C10 — Cll 


-133. / (Z) 


CZU — CZ 1 — C 1 0 — JN 3 


1 /5.U (i ) 


po mo pin pic 
Cz — JNZ — C1U — CI 5 


— 03.3 (3 J 


nn ni pu pio 
C2U — C21 — Clo — CI / 


—55.0 (4) 


T>1 mo pin PIC 
Fl — JN2 — C10 — CI 5 


yy.u (Z) 


ni ru mi n 
C2 1 — C 1 o — JN 3 — C 3 


56.5 (3) 


mo pin pic pi i 
JN2 — C10 — C15 — C14 


—1 /O.l (Z) 


pi-' mo n 
CI / — Clo — JN3 — C3 


— o/.l (3) 


P11 pin pic pi i 
Cll — C10 — CI 5 — C14 


ZA O 

!)4.o (3) 


PO 1 P1£ Ml T>1 

C21 — Clo — JN3 — Fl 


1 O A 1 ZO\ 

— 134.1 (2) 


pin pic pi/i pii 
C10 — C15 — C14 — C13 


f f p, p) \ 

~jj.U (3) 


pi-' mi ti 1 
CI / — Clo — JN3 — rl 


1 nn i /o\ 
1UU.3 (2) 


P1C pn P11 pio 

C15 — C14 — C13 — C12 


DO.U (4) 


p.1 T>1 mi n 
Ul — Fl — JN3 — C3 


ir/ eft / 1 n\ 

— 150.5V (IV) 


P1/1 P11 PIO P11 

C14 — C13 — C12 — Cll 


— jo.y (4) 


MO T>1 Ml n 

JN2 — Fl — JN3 — C3 


on c /o\ 
— 2V.5 (2) 


mo pin pii pio 
JN2 — C10 — Cll — C12 


i /j.y (3) 


mi ni mi n 
JN 1 — Fl — JN j — C3 


oc o /o\ 
65.6 (2) 


pic pin P11 pio 
C15 — C10 — Cll — C12 


-DD.o (4) 


P.1 m MO P 1 c 

Ul — Fl — JN3 — Clo 


1 /Z OA /I 0\ 

36.84 (18) 


pn pio P11 pin 
C13 — C12 — Cll — C10 


56.8 (4) 


N2— PI— N3— C16 


163.94 (15) 


C5— C4— C9— C8 


1.1 (4) 


NI— PI— N3— CI 6 


-80.77 (17) 


CI— C4— C9— C8 


179.5 (2) 


02— CI— C4— C5 


152.3 (2) 


C6— C7— C8— C9 


-0.1 (5) 


NI— CI— C4— C5 


-27.3 (3) 


C4— C9— C8— C7 


-1.1 (4) 


02— CI— C4— C9 


-26.1 (3) 







Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

NI— Hl-Ul' 0.78 (2) 2.04 (2) 2.807 (2) 165 (2) 

Symmetry codes: (i) -x+1/2, -j>+3/2, -z. 
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